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May 31, 1894,

The LORD KELVIN, D.C.L., LL.D., President, followed by Sir
JOHN EVANS, K.C.B, D.C.L., LL.D., YVice-President and
Treasurer, in the Chair.

A List of the Presents received was laid on the table, and thanks
ordered for them.

The following Papers were read :—

I. “On the Electrification of Air.” By Lorp Krrnvin, P.R.S.,
and MaeNUs MAcLEAN, M.A,, F.R.S.E. Received May 9,
1894.

. §$1. That air can be electrified either positively or negatively
is obvious from the fact that an isolated spherule of pure water,
electrified either positively or negatively, can be wholly evaporated
in air* Thirty-four years ago it was pointed out by one of

* This demonstrates an affirmative answer to the question, Can a molecule of a
gas be charged with electricity ? (J. J. Thomson, * Recent Researches in Electricity
and Magnetism,” § 36, p. 53) and shows that the experiments referred to as point-
ing to the opposite conclusion are to be explained otherwise.

Since this was written, we find, in the ¢ Electrical Review ’ of May 18, on page 571,
in a lecture by Elihu Thomson, the following :—“It is known that as we leave the
surface of the earth and rise in the air, there is an increase of positive potential

Y
The Royal Society is collaborating with JSTOR to digitize, preserve, and extend access to ég(z%

Proceedings of the Royal Society of London. RIK®RN
Www.jstor.org



1894.] On the Electrification of Air. 85

us* as probable that in ordinary natural atmospheric conditions, the
air for some considerable height above the earth’s surface is electri-
fied,t and that the incessant variations of electrostatic force which he
had observed, minute after minute, during calms and light winds, and
often under a cloudless sky, were due to motions of large quantities
of positively or negatively electrified air in the immediate neigh-
bourhood of the place of observation.

§ 2. It was proved] by observations in the Old College of Glasgow
University that the air was in general negatively electrified, not only
indoors, within the old lecture room§ of Natural Philosophy, but
also in the out-of-doors space of the College Court, open to the
sky though closed around with high buildings, and between it and
the top of the College Tower. The Old College was in a somewhat
low situation, surrounded by a densely crowded part of a great city.
In the new University buildings, crowning a hill on the western
boundary of Glasgow, similar phenomena, though with less general

with respect to the ground. . . . . It is not clearly proven that a pure gas,’
rarefied or not, can receive and convey a charge. If we imagine a charged drop of
water suspended in air and evaporating, it follows that, unless the charge be carried
off in the vapour, the potential of the drop would rise steadily as its surface dimin-
ished, and would become infinite as the drop disappeared, unless the charge were
dissipated before the complete drying up of the drop by dispersion of the drop itself,
or conveyance of electricity by its vapour. The charge would certainly require to
pass somewhere, and might leave the air and vaponr charged.”

It is quite clear that “must ” ought to be substituted for “might” in this last
line. Thus the vagueness and doubts expressed in the first part of the quoted
statement are annulled by the last three sentences of it.

* « Hven in fair weather the intensity of the electric force in the air near the
earth’s surface is perpetually fluctuating. The speaker had often observed it,
especially during calms or very light breezes from the east, varying from 40
Daniell’s elements per foot to three or four times that amount during a few minutes,
and returning again as rapidly to the lower amount. More frequently he had
observed variations from about 30 to about 40, and back again, recurring in uncer-
tain periods of perhaps about two minutes. These gradual variations cannot but
be produced by electrified masses of air or cloud, floating by the locality cf observa-
tion.”—Lord Kelvin’s ¢ Electrostatics and Magnetism,’ art. xvi, § 282.

+ The out-of-doors air potential, as tested by a portable electrometer in an open
place, or even by a water-dropping nozzle outside, two or three feet from the walls
of the lecture room, was generally on these occasions positive, and the earth’s
surface itself therefore, of course, negative—the common fair weather condition—
which T am forced to conclude is due to a paramount influence of positive elec-
tricity in higher regions of the air, notwithstanding the negative electricity of the
air in the lower stratum near the earth’s surface. On the two or three occasions
when the in-door atmospheric electricity was found positive, and, therefore, the
surface of the floor, walls and ceiling negative, the potential outside was certainly
positive, and the earth’s surface out-of-doors negative, as usual in fine weather.”—
Ibid., § 300.

1 Ibid., Q. 2, § 283.

§ Ibid., §§ 296—300.
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prevalence of negative electricity in the air, have been observed,
both indoors, in the large Bute Hall, and in many other smaller
rooms, and out-of-doors, in the court, which is somewhat similar to
the courts of the Old College, but much larger. It is possible that
the negative electricity found thirty years ago in the air of the Old
College, may have been due to its situation, surrounded by houses
with their fires, and smoking factory chimneys. In the New College
much of the prevalence of negative electricity in air within doors
has, however, been found to be due to electrification by the burning
lamp* used with the quadrant electrometer; and more recent obser-
vations, with electrification by flame absolutely excluded, throw doubt
on the old conclusion, that both in town and country negative
electrification is the prevailing condition of natural atmospheric air
in the lower regions of the atmosphere.

§ 3. The electric ventilation found in the Old College, and de-
seribed in § 299 of “Electrostatics and Magnetism,” according to
which air drawn through a chink, less than § in. wide, of a slightly
open window or door, into a large room, showed the electrification
which it had on the other side of the chink, whether that was the
natural electrification of the open air, or positive or negative electri-
fication produced by aid of a spirit lamp and electric machine in an
adjoining room, has been tried again in the new College with quite
corresponding results. It has also been extended to the drawing in
of electrified air through a tube to the enclosure represented in fig. 1
of the present paper; with the result that the water-dropping test
indicated in the sketch, amply sufficed to show the electrification,
and verify that it was always the same as that of the air outside.
When the tube was filled with loosely packed cotton-wool the electri-
fication of the entering air was so nearly annulled as to be insensible
to the test.

§ 4. The object proposed for the experiments described in the
present communication was to find if a small unchanged portion of
air could be electrified sufficiently to show its electrification by
ordinary tests, and could keep its electrification for any considerable
time; and to test whether or not dust in the air is essential to what-
ever of electrification might be observed in such circumstances, or is
much concerned in it.

§ 5. The arrangement for the experiments is shown in the dia~
gram, Fig. 1. AA is a large sheet-iron vat inverted on a large
wooden tray BB, lined with lead. By filling the tray with water the
air is confined in the vat. There are two holes in the top of the vat :

* ¢ Electrification of Air by Combustion.” Magnus Maclean, M.A., F.R.8.E., and
Makita Goto, Philosophical Society of Glasgow, November 20, 1889; ¢ Electrifica-
tion of Air by Water Jet,” Magnus Maclean, M.A., F.R.S.E., and Makita Goto,
¢ Philosophical Magazine,” August, 1890.
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one for the water-dropper C, and one for the charging wire D.
Both the water-dropper, and the charging wire, ending with a pin-
point as sharp as possible, are insulated by solid paraffin, which is
surrounded by a metal tube, as shown in half size in Fig. 2. To
start with they were supported by pieces of vulcanite embedded in
paraffin. But it was found that after the lapse of some days,
(possibly on account of ozone generated by the incessant brush dis-
charges), the insulation had utterly failed in both of them. The
vulcanite pieces were then taken out, and solid paraffin, with the
metal guard-tube round it to screen it from electrically influencing
the water-dropper, was substituted. This has proved quite satis-
factory : the water-dropper, with the flow of water stopped, holds a
positive or a'negative charge for hours,

§ 6. A quadrant electrometer E (described in * Electrostatics and
Magnetism,” §§ 346—353) was set up on the top of the vat near the
water-dropper, as shown in Fig. 1. It was used with lamp and semi-
transparent scale to indicate the difference of potential between the
water-dropper and the vat. The sensibility of the electrometer was
21 scale divisions (half-millimetres) per volt, and as the scale was
90 centimetres long, difference of potentials up to 43 volts positive or
negative, could be read by adjusting the metallic zero to the middle
of the scale. A frictional plate-electric machine was used, and by
means of it, in connection with the pin-point, the air inside the vat
could be electrified either positively or negatively.

§ 7. The vat was fixed in position in the Apparatus Room of the
Natural Philosophy Department of the University of Glasgow on
the 13th of December, 1893, and for more than three months the air
inside was left undisturbed except by discharges from the pin-point
through the electrifying wire, and by the spray from the water-
dropper. Thus the air was becoming more and more freed of dust
day by day. Yet at the end of the four months we found that the
air was as easily electrified, either positively or negatively, as it was
at the beginning ; and that if we electrify it strongly by turning the
machine for half-an-hour, it retains a considerable portion of this
electrification for several hours.

§ 8. Observations were taken almost daily since the 13th Decem-
ber; but the following, taken on the 8th of February, the 12th of
March, and the 23rd of April, will serve as specimens, the results
being shown in each case by a curve. At all these dates the air
must have been very free from dust. Both during the charging and
during the observations the case of the electrometer and one pair of
quadrants are kept metallically connected to the vat. During the
charging the water-dropper and the other pair of quadrants were also
kept in connection with the vat. Immediately after the charging
was stopped the charging-wire was connected metallically to the out-
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side of the vat, and left so with its sharp point unchanged in its
position inside the vat during all the observations.

§ 9. Curve 1, February 8, 1894.—The friction-plate machine was
turned positive for half-an-hour. Ten minutes after the machine
stopped the water-dropper was filled and joined to ome pair of
quadrants of the electrometer, while the other pair was joined to the
case of the instrument. The first reading on the curve was taken
four minutes afterwards, that is fourteen minutes after the machine
stopped running (18 volts.).
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Curve 2. March 3, 1894.—The friction-plate machine was turned
positive for five minutes. The water-dropper was filled and joined
to the electrometer immediately after the machine stopped turning.
The spot was off the scale, and nine minutes elapsed before it
appeared on the scale. The first reading on the curve was taken one
minute afterwards, or ten minutes after the machine stopped turning
(3525 volts).

COurve 3. March 12, 1894.—A Voss induction machine was joined
to the charging wire, and run by an electric motor for 4 hours
19 minutes. A test was applied at the beginning of the run to
make sure that it was charging negatively; and a similar test when
it was disconnected from the charging wire in the vat showed it to be
still charging negatively. The water-dropper was joined to the electro-
meter, and the spot appeared on the scale immediately. The first
reading on the curve was taken half a minute after the machine was
disconnected (30'65 volts).
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Curve 4. April 23, 1894.—The friction-plate machine was turned
positive for 30 seconds, with water-dropper running and joined to
the electrometer. 20 seconds after the machine stopped the spot
appeared on the scale, and the reading 14 minutes after the machine
stopped turning is the first point on the curve (7'3 volts).

Curve 5. April 23, 1894.—The friction-plate machine was turned
negative for 30 seconds, with the water-dropper running and joined to
the electrometer. 10 seconds afterwards the spot appeared on the scale,
and the reading 70 seconds after the machine stopped turning is the
first point on the curve (7°6 volts). ‘

The curves show, what we always found, that the air does mnot
retain a negative electrification so long as it retains a positive. We
also found, by giving equal numbers of turns to the machine that the
immediately resulting difference of potential between the water-
dropper and the vat was greater for the negative than for the posi-
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tive electrification; though the quantity received from the machine-
was probably less in the case of the negative electrification, because-
the negative conductor was less well insulated than the positive.

§ 10. On the 21st of March, two |J-tubes were put in below the
edge of the vat, one on either side, so that it might be possible to
blow dusty, or smoky, or dustless air into the vat. To one tube was
fitted a blowpipe bellows, and by placing it on the top of a box in.
which brown paper and rosin were burning, the vat was filled with
smoky air. Again, several layers of cotton-wool were placed on the-
mouth of the bellows, so as to get dustless air into the vat. The
bellows were worked for several hours on four successive days, and
we found no appreciable difference (1) in the ease with which the-
air could be electrified by discharges from the wire connected to
the electric machine, and (2) in the length of time the air retains its.
electrification.
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But it was found that, as had been observed four years ago with
the same apparatus,® with the water-dropper insulated and connected
to the electrometer, and no electrification of any kind to begin with,
a negative electrification amounting to four, five, or six volts gradu-
ally supervened if the water-dropper was kept running for 60 or 70
minutes, through air which was dusty, or natural, to begin with. It
was also found, as in the observations of four years ago, that
no electrification of this kind was produced by the dropping of the
water through air purified of dust.

The circular bend of the tube of the water-dropper shown in the
drawing was made for the purpose of acting as a trap to prevent the
natural dusty air of the locality from entering the vat when the
water-dropper ran empty.

§ 11. The equilibrium of electrified air within a space enclosed by a
fixed bounding surface of conducting material presents an interesting
illustration of elementary hydrostatic principles. The condition to
be fulfilled is simply that the surfaces of equal electric *‘volume-
density ” are surfaces of equal potential, if we assume that the
material density of the air at given temperature and pressure is not
altered by electrification. This assumption we temporarily make from
want of knowledge; butit is quite possible that experiment may prove
that it is not accurately true; and it is to be hoped that experimental
investigation will be made for answering this very interesting question.

§ 12. For stable equilibrium it is further necessary that the
electric density, if not uniform throughout, diminishes from the
bounding surface inwards. Hence, if there is a portion of mnon-
electrified air in the enclosure it must be wholly surrounded by
electrified air.

§ 13. We may form some idea of the absolute value of the electric
density, and of the electrostatic force in different parts of the enclosure,
in the electrifications found in our experiments, by considering instead
of our vat a spherical enclosure of diameter intermediate between the
diameter and depth of the vat which we used. Consider, for example,
a spherical space enclosed in metal of 100 cm. diameter, and let the
nozzle of the water-dropper be so placed that the stream breaks into
drops at the centre of the space. The potential shown by the electro-
meter connected with it, being the difference between the potentials
of the air at the boundary and at the centre, will be the difference of
the potentials at the centre due respectively to the total quantity of
electricity distributed through the air and the equal and opposite
quantity on the inner boundary of the enclosing metal; and we there-
fore have the formula :—

a 2 2\
V= 47rj P (i __:r_) dr,
° r a

* Maclean and Groto, ¢ Philosophical Magazine,” August, 1890,
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where V denotes the potential indicated by the water-dropper, a the
radius of the spherical hollow, and p the electric density of the air at
distance r from the centre. Supposing now, for example, p to be
constant from the surface to the centre (which may be nearly the case
after long electrification as performed in our experiments), we find
V = Zmpa®; whence p = 3V [2ma®.

To particularise further, suppose the potential to have been
38 volts or 0-127 electrostatic c.g.s. (which is less than the greatest
found in our experiments) and take ¢ = 50 cm.: we find p = 2:4.10~5..
The electrostatic force at distance » from the centre, being %= pr, is
therefore equal to 107*7. Hence a small body electrified with a
quantity of electricity equal to that possessed by a cubic centimetre
of the air, and placed midway (»r = 25) between the surface and
centre of the enclosure experiences a force equal to 2'4.10~°.25, or
6.107%, or approximately 6.10~° grammes weight. This is 4'8 per cent.
of the force of gravity on a cubic centimetre of air of density 1/800.

§ 14. Hence we see that, on the supposition of electric density
uniform throughouat the spherical enclosure, each cubic centimetre of’
air experiences an electrostatic force towards the boundary in simple
proportion to distance from the centre, and amounting at the bound-
ary to nearly 10 per cent. of the force of gravity upon it; and electric
forces of not very dissimilar magnitudes must have acted on the air-
electrified as it actually was in the non-spherical enclosure used in
our experiments. If natural air or cloud, close to the ground or in
the lower regions of the earth’s atmosphere, is ever, as in all pro-
bability it often is, electrified to as great a degree of electric density
as we have found it within our experimental vat, the natural electro-
static force in the atmosphere, due as it is, no doubt, to positive elec-
tricity in very high regions, must exercise an important pondero- )
motive force quite comparable in magnitude with that due to
difference of temperatures in different positions. ‘

It is interesting to remark that negatively electrified air over
negatively electrified ground, and with non-electrified air above it,.
in an absolute calm, would be in unstable equilibrium ; and.the nega-
tively electrified air would therefore rise, probably in large masses,
through the non-electrified air up to the higher regions, where the
positive electrification is supposed to reside. IHven with no stronger
electrification than that which we have had within our experimental
vat, the moving forces would be sufficient to produce instability com-
parable with that of air warmed by the ground and rising through
colder air above.

§ 15. During a thunderstorm the electrification of air, or of air
and the watery spherules constituting cloud, need not be enormously’
stronger than that found in our experiments. This we see by con-
sidering that if a uniformly electrified globe of a metre diameter
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produces a difference of potential of 38 volts between its surface and
centre, a globe of a kilometre diameter, electritied to the same electric
-density, reckoned according to the total electricity in any small volume
(electricity of air and of spher-u]eq of water, if there are any in it),
would produce a difference of potential of 38 million volts between
its surface and centre. In a thunderstorm, flashes of lightning show
us differences of potentials of millions of volts, but not perhaps of
many times 38 million volts, between places of the atmosphere distant
from one another by half a kilometre.

II. < On the Effect of Magnetisation upon the Dimensions of
Jron Rings in Directions perpendicular to the Magnetisa-
tion, and upon the Volume of the Rings.” By SHELFORD
BmweLL, M.A., LL.B., F.R.S. Received March 2, 1894.

A recent communication® to the Society contained an account of
some experiments relating to the effects of magnetisation upon the
dimensions of two iron rings, one of which was annealed and the
other hardened. The rings had the form of short cylinders about
6 cm. in diameter, 3 cm. in height, and 04 e¢m. in thickness. The
.experiments in question were concerned with the circumferential
variations which took place along the lines of magnetisation ; those
to be here described deal with the concomitant variations in the
height of the cylinders (width of the rings) transversely to the mag-
netisation. On the assumption that variations similar to the latter
occur at the same time in the thickness of the metal, it is possible to
deduce the changes in the volume of the ring which attend magnet-
isation.

Fig. 1, from a photograph, shows how the rings were prepared for
the experiments. Four brass rods were hard-soldered to the irom,
two of them being in a line with a diameter, while the other two were
attached to the edges, opposite to one another, and parallel to the axis
of the ring. The ring was inserted in a wooden case, also shown,
through holes in which the four brass rods projected. Insulated
wire for carrying the magnetising current was wound over the wooden
jacket.

For the new experiments the ring was placed in a horizontal posi-
tion, one of the edge rods resting upon a brass socket on the adjust-
able base of the instrument, and the other, which had a chisel-shaped
.end, actnating the lever.t To counterbalance the weight of the ring
a horizontal arm, carrying a sliding weight, was fixed to the lower
rod.

* ¢ Roy. Soc. Proc.,” vol. 55, p. 228.

+ The chisel-shaped terminal piece was removable nnd is not shown in fig. 1.
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